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dance with the longitudinal sitting position of the passenger
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receiving portion of the airbag in the vehicle collision.
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1
PASSENGER PROTECTION APPARATUS OF
VEHICLE

BACKGROUND OF THE INVENTION

The present invention relates to a passenger protection
apparatus of a vehicle, and, in particular, relates to a passen-
ger protection apparatus to protect a passenger seated in a
passenger’s (assistant’s) seat.

Conventionally, a passenger protection apparatus of a
vehicle, in which an airbag is configured so that a surface of
the inflating airbag which faces to a passenger seated in a
passenger’s (assistant’s) seat forms a recessed shape, is
known as disclosed in US Patent Application Publication No.
2002/0005633. In such a passenger protection apparatus, an
upper part of the surface of the airbag which is located above
the recessed shape may function as a receiving portion to
receive a face of a relatively large-sized passenger, while a
lower part of the surface of the airbag which corresponds to
the above-described recessed shape may function as another
receiving portion to receive a face of a relatively small-sized
passenger (a woman, for example). Thus, the passenger may
be protected properly in accordance with the body size of the
passenger.

However, there is a concern that in case the passengeris the
relatively small-sized passenger, the above-described passen-
ger protection could not necessarily receive the passenger’s
face at the receiving portion securely depending on the sitting
position of this passenger. That is, in general, when the
vehicle collides in case the seatbelt device is applied to the
passenger, the passenger is controlled so that an upper body of
the passenger leans forwardly, without letting a passenger’s
waist portion away from a seatback of the seat by a lap belt of
the seatbelt device, so that the passenger’s face can be
received at the inflating airbag. However, there is a case in
which a point (i.e., a position of the passenger’s waist portion)
around which the passenger’s upper body leans forwardly in
the vehicle collision described above changes depending on
the sitting position the passenger seated in the passenger’s
seat, so that a position of the passenger’s face changes as well.
Consequently, the passenger’s face could not be properly
received at an appropriate receiving portion for the relatively
small-sized passenger of the airbag.

SUMMARY OF THE INVENTION

The present invention has been devised in view of the
above-described problem, and an object of the present inven-
tionis to provide a passenger protection apparatus of a vehicle
which can properly protect a specified sized passenger, e.g., a
small-sized passenger, who is seated in the passenger’s (as-
sistant’s) seat in the vehicle collision.

According to the present invention, there is provided a
passenger protection apparatus of a vehicle which restrains
and protects a passenger seated in a passenger’s seat in a
vehicle collision, comprising an airbag stored in a portion of
an instrument panel in front of the passenger’s seat, the airbag
having a concaved receiving portion at a specified position
thereof which corresponds to a face of a specified sized pas-
senger seated in the passenger’s seat when the airbag inflates
in the vehicle collision, an inflator stored in the portion of the
instrument panel in front of the passenger’s seat along with
the airbag, the inflator supplying gas to the airbag in the
vehicle collision to inflate the airbag before the passenger’s
seat, a sitting position detecting device detecting a longitudi-
nal sitting position of the passenger seated in the passenger’s
seat, and a passenger restraint position adjusting device
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adjusting a restraint position of the passenger in accordance
with the longitudinal sitting position of the passenger
detected by the sitting position detecting device so that the
face of the specified sized passenger is received at the receiv-
ing portion of the airbag in the vehicle collision.

According to the present invention, the restraint position of
the passenger can be adjusted in accordance with the body
size of the passenger which is predicted from the sitting
position of the passenger detected by the sitting position
detecting device in the vehicle collision. Thereby, the face of
the passenger who has the specified size, e.g., the small size,
can be received at the appropriate portion of the airbag when
the vehicle has a collision and the airbag inflates. Accord-
ingly, the specified sized passenger, e.g., the small-sized pas-
senger, can be properly protected.

According to an embodiment of the present invention, the
passenger restraint position adjusting device is a seatbelt
device which comprises a shoulder belt and a lap belt, the
seatbelt device further comprises a retractor which is
equipped with a load limiter to generate a specified with-
drawal resistance at the shoulder belt in the vehicle collision
and a pre-tensioner to apply a tensional force to the lap belt
when the vehicle collision is predicted, and the pre-tensioner
is configured to apply the tensional force to the lap belt in case
the longitudinal sitting position of the passenger is before a
specified position. Thereby, the passenger’s waist portion can
be restrained rearwardly of the passenger’s seat when the
vehicle collision is predicted by applying the tensional force
to the lap belt with the pre-tensioner in case the longitudinal
sitting position of the passenger is before the specified posi-
tion. Accordingly, since the passenger’s position can be con-
trolled so that the waist portion is pushed rearwardly and the
upper body leans forwardly around the point of the waist
portion, the face of the specified sized passenger, e.g., the
small-sized passenger, can be securely at the appropriate
receiving portion.

According to another embodiment of the present invention,
the passenger restraint position adjusting device is a raising
device to raise a front portion of a seat cushion of the passen-
ger’s seat, and the raising device is configured to raise the
front portion ofthe seat cushion of the passenger’s seatin case
the longitudinal sitting position of the passenger is before a
specified position. Thereby, the front portion of the seat cush-
ion of the passenger’s seat is raised by the raising device in
case the longitudinal sitting position of the passenger is
before the specified position. Accordingly, the passenger’s
thigh portion is raised and the gravity center of the passenger
is moved rearwardly, so that it can be prevented that the
passenger’s waist portion moves forwardly due to the inertia
force occurring in the vehicle collision. Consequently, since
the passenger’s position can be controlled so that the waist
portion is pushed rearwardly and the upper body leans for-
wardly around the point of the waist portion, the face of the
specified sized passenger, e.g., the small-sized passenger, can
be securely at the appropriate receiving portion.

According to another embodiment of the present invention,
the passenger restraint position adjusting device is a knee
airbag unit which is arranged at a front portion of the passen-
ger’s seat and comprises a knee airbag and an inflator to
supply gas to the knee airbag, and the knee airbag unit is
configured to inflate the knee airbag by operating the inflator
thereof in case the longitudinal sitting position of the passen-
ger is before a specified position. Thereby, the knee airbag
inflates in case the sitting position of the passenger is before
the specified position. Accordingly, the knee airbag is pushed
against the passenger’s knee, so that it can be prevented that
the passenger’s waist portion moves forwardly. Conse-
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quently, since the passenger’s position can be controlled so
that the waist portion is pushed rearwardly and the upper body
leans forwardly around the point of the waist portion, the face
of'the specified sized passenger, e.g., the small-sized passen-
ger, can be securely at the appropriate receiving portion.

According to another embodiment of the present invention,
the passenger protection apparatus of a vehicle further com-
prises a weight detecting device to detect a weight of the
passenger seated in the passenger’s seat, and the passenger
restraint position adjusting device is configured to adjust the
restraint position of the passenger in accordance with the
longitudinal sitting position of the passenger detected by the
sitting position detecting device and the weight of the pas-
senger detected by the weight detecting device. Thereby, the
size of the passenger can be determined considering the
weight of the passenger. Accordingly, the passenger can be
more securely protected based on the determination of the
passenger’s size.

According to another embodiment of the present invention,
the receiving portion of the airbag is formed between a pair of
projecting portions formed at the airbag which extends ver-
tically. Thereby, the airbag absorbs the shock (impact) of the
vehicle collision by receiving both sides of the passenger’s
face at inside portions of the pair of projecting portions, and
the pair of projection portions receives both shoulders of the
passenger. Accordingly, the passenger can be more securely
protected.

According to another embodiment of the present invention,
the sitting position detecting device is a position detecting
device to detect a longitudinal slide position of the passen-
ger’s seat. Thereby, the sitting position of the passenger can
be detected with a simple mechanism.

Other features, aspects, and advantages of the present
invention will become apparent from the following descrip-
tion which refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevation view of a front portion of a vehicle
compartment of a vehicle equipped with a passenger protec-
tion apparatus according to an embodiment of the present
invention.

FIG. 2 is a side view of the vehicle compartment of the
vehicle equipped with the passenger protection apparatus
according to the embodiment of the present invention.

FIG. 3 is a side view showing an inflation state of an airbag
of an airbag unit according to the embodiment of the present
invention.

FIG. 4 is an elevation view of the airbag of FIG. 3, when
viewed from the inside of the vehicle compartment.

FIG. 5 is a block diagram showing a control system of the
passenger protection apparatus according to the embodiment
of the present invention.

FIG. 6 is a side view of the vehicle compartment when the
passenger protection apparatus according to the embodiment
of the present invention is operated, when viewed from the
side of a passenger’s seat.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, a passenger protection apparatus of a vehicle
according to a preferred embodiment of the present invention
will be descried referring to the accompanying drawings.
FIG. 1 is an elevation view of a front portion of a vehicle
compartment of a vehicle equipped with a passenger protec-
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tion apparatus according to an embodiment of the present
invention. FIG. 2 is a side view of the vehicle compartment of
FIG. 1.

As shown in FIG. 1, an instrument panel 3 which extends in
a vehicle width direction is provided at a front portion of a
vehicle compartment of a vehicle 1, and a steering wheel 5
and various meters 7 are provided at a portion of the instru-
ment panel 3 located on the side ofa driver’s side. Ata portion
of'the instrument panel 3 located on the side of a passenger’s
(assistant’s) seat is stored an airbag unit 11 which constitutes
part of a passenger protection apparatus 9 which protects a
passenger seated in the passenger’s seat according to the
present embodiment, which will be described specifically
below.

The airbag unit 11, as shown in FIG. 2, comprises a casing
13 which has an opening, an airbag 15 which is stored in the
casing 13 in a fold state, and an inflator 17 which is stored in
the casing 13 and supplies gas to the airbag 15 to inflate the
airbag 15 before the passenger’s seat. The casing 13 of the
airbagunit 11 is fixed to a steering support member 21 which
extends in the vehicle width direction via a bracket 19. An
upper instrument panel 23 which constitutes the instrument
panel 3 has V-shaped breaking grooves 25 at its lower face.
These breaking grooves 25 are to be broken by inflation
pressure of the airbag 15 so that the inflation of the airbag 15
is not hindered by the upper panel 23.

The passenger protection apparatus 9 comprises a seatbelt
device 27, an airbag unit for pop-up seat 29, and a knee airbag
unit 31, as a passenger restraint position adjusting device to
adjust a restraint position of the passenger.

The seatbelt device 27 is a three point type of seatbelt
device which comprises a seatbelt 37 which comprises a lap
belt 33 to protect a passenger’s waist portion and a shoulder
belt 35 to protect a passenger’s chest portion, a tongue 39
which is attached to the seatbelt 37 so as to slide along the
seatbelt 37, and a buckle 4 which is detachably engaged with
the tongue 39. A retractor 45 which is provided at a lower
portion of a B pillar 43 is coupled to a tip of the shoulder belt
35 of the seatbelt 37. This retractor 45 includes a first pre-
tensioner mechanism 47 to remove loosening of the seatbelt
37, and this first pre-tensioner mechanism 47 comprises an
electric motor (not illustrated) to rotate a winding-up roller to
wind up the seatbelt 37 in a winding-up direction. The first
pre-tensioner mechanism 47 further has a load limiter func-
tion to cancel winding up of the seatbelt 37 when a tensional
force of the shoulder belt 33 exceeds a specified value in the
vehicle collision.

The seatbelt 37 extends upwardly from the retractor 45
along the B pillar 43 on the side of the passenger’s seat, passes
through a slip guide 49 which is provided at the B pillar 43,
returns at the slip guide 49 and then extends downwardly. A
tip of the lap belt 33 of the seatbelt 37 is fixed to an outside
fixing portion 51 which is fixed to a vehicle body at an outside
lower portion of the passenger’s seat. This outside fixing
portion 51 includes a second pre-tensioner mechanism 53.
This second pre-tensioner mechanism 53 comprises a wire
55, one end of which is connected to the tip of the lap belt 33
of the seatbelt 37, a cylinder 57 which is connected to the
other end of the wire 55, and an inflator 59 which supplies gas
to the cylinder 57.

The tongue 39 is attached to a central portion of the seatbelt
37 so as to slide on the seatbelt 37. The tongue 39 is engaged
with the buckle 41 fixed to the vehicle body. When the tongue
39 is engaged with the buckle 41, the seatbelt 37 protects the
passenger so that the passenger’s chest portion is protected by
the shoulder belt 35 and the passenger’s waist portion is
protected by the lap belt 33.
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A passenger’s (assistant’s) seat 61 comprises a seat cush-
ion 63, a seatback 65 which is pivotally supported atarear end
portion of the seat cushion 63 at its lower end portion, and a
headrest 67 which is attached to an upper end of the seatback
65. The airbag unit for pop-up seat 29 is arranged inside the
seat cushion 63 of the passenger’s seat 61. The airbag unit for
pup-up seat 29 comprises, similarly to the airbag unit 11, a
casing 69, an airbag for pop-up seat 71 which is stored inside
the casing 69 in a fold state, and an inflator for pop-up seat 73
which supplies gas to the airbag for pop-up seat 71.

Further, the knee airbag unit 31 is stored inside the instru-
ment panel 3 at a lower position below the airbag unit 11. The
knee airbag unit 31 comprises, similarly to the airbag unit 11,
a casing 75, aknee airbag 77 which is stored inside the casing
75 in a fold state, and an inflator for knee airbag 79 which
supplies gas to the knee airbag 77.

FIG. 3 is a side view showing an inflation state of the airbag
of'the airbag unit, and FIG. 4 is an elevation view of the airbag
of FIG. 3, when viewed from the inside of the vehicle com-
partment.

As shown in FIGS. 3 and 4, the airbag 15 has a receiving
portion 83 at its rear face 81 which faces the passenger’s seat
61 when the airbag 15 inflates in the vehicle collision. This
receiving portion 83 is formed in a concaved shape at a central
portion, in the vehicle width direction, of the inflating airbag
15. Further, a lower receiving face 85 which extends down-
wardly from the deepest portion of the receiving portion 83 is
formed at the receiving portion 83. The level (height position)
of'the receiving portion 83 is set to correspond to a position of
a face 87 of a small-sized passenger, for example. Specifi-
cally, the receiving portion 83 is positioned so that the face 87
of the small-sized passenger can be received at the lower
receiving face 85 when the small-sized passenger is adjusted
to a specified position by the above-described passenger
restraint position adjusting device by a method which will be
described below. The airbag 15 has a pair of projecting por-
tions 89, 91 which extends vertically at both sides of the
receiving portion 83 when the airbag 15 inflates. The pair of
projecting portions 89, 91 is configured so that the receiving
portion 83 is located therebetween. Thereby, when the pas-
senger’s face comes into the receiving portion 83, the both
side portions of the passenger’s face are received at respective
inside portions of the pair of projecting portions 89, 91, and
the passenger’s shoulders and chest are received at the pair of
projecting portions 89, 91.

Herein, the “small-sized passenger” means any small-
sized person belonging to a group of the smallest-sized
American women which is classified within 5% of the whole
part of those, for example. Further, part of the rear face 81 of
the airbag 15 which is located above the receiving portion 83
constitutes a receiving face to receive a face 93 of a large-
sized passenger. In the present specification, the “large-sized
passenger” means other persons than the above-described
“small-sized passenger,” for example.

FIG. 5 is a block diagram showing a control system of the
passenger protection apparatus which comprises the above-
described airbag unit 11, and the knee airbag unit 31, the
airbag unit for pop-up seat 29 and the seatbelt device 27 as the
passenger restraint position adjusting device, and so on. As
shown in FIG. 5, the control system of the passenger protec-
tion device 9 comprises a collision sensor 95 as an accelera-
tion sensor to detect the frontal collision of the vehicle 1, a
distance sensor 97 to detect the distance between the vehicle
1 and an obstacle located in front of the vehicle 1, a position
sensor 99 to detect the seat position of the passenger’s seat 61,
and a weight sensor 101 to detect the weight of the passenger
seated in the passenger’s seat 61, and these sensors 95,97, 99,
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101 are eclectically coupled to a controller 103. Detection
results of the sensors 95, 97, 99, 101 are inputted to the
controller 103.

The distance sensor 97 comprises a transmitter to transmit
detection waves (infrared rays, millimeter waves, or the like)
forwardly and a receiver to receive reflective waves of the
detection waves from the obstacle in front of the vehicle. The
time from the timing of transmission of the detection waves to
the timing of receiving the reflected waves is measured, so
that the distance between the vehicle and the obstacle in front
of'the vehicle is detected by this sensor 97. The controller 103
determines a likelihood of the vehicle collision based on the
distance to the obstacle detected by the distance sensor 97.

The detection result of the longitudinal position of the
passenger’s seat 61 by the position sensor 99 is inputted to the
controller 103. The controller 103 determines the seat posi-
tion of the passenger’s seat 61 based on the input result of the
position sensor 99. Specifically, the controller 103 determines
whether the seat position of the passenger’s seat 61 is before
a specified position or not.

The controller 103 determines the body size of passenger
based on the detection result of the weight sensor 101. It is
determined whether the passenger is the small-sized sized
passenger or not through this determination of passenger’s
body size. Then, it is determined whether the passenger
restraint position adjusting device is operated or not through
this determination as to whether the passenger is the small-
sized passenger or not.

The controller 103 supplies an ignition signal to the inflator
59 of the second pre-tensioner mechanism 53 when the
vehicle collision is predicted based on the detection result of
the distance sensor 97, so that a tension is applied to the
seatbelt 37. Further, the controller 103 supplies an ignition
signal to the inflator for airbag 17 when it is determined that
the vehicle 1 collides with the obstacle or the like based on the
detection result of the collision sensor 95, so that the airbag 15
is controlled to inflate. Moreover, the controller 103 supplies
each ignition signal to each of the inflator for pop-up seat 73
and the inflator for knee airbag 79 in case the seat position of
the passenger’s seat 61 is before the specified position.

Hereinafter, the operation of the passenger protection
apparatus according to the above-described present embodi-
ment will be described. FIG. 6 is a side view of the vehicle
compartment when the vehicle collides and thereby the pas-
senger protection apparatus is operated in a state in which the
passenger’s seat is before the specified position and the small-
sized passenger is seated in the passenger’s seat.

As shown in FIG. 6, when the vehicle collision is predicted
in the state in which the passenger’s seat 61 is before the
specified position and the small-sized passenger is seated in
the passenger’s seat 61, the passenger protection apparatus 9
operates the second pre-tensioner mechanism 53. Further,
when the vehicle 1 collides, the passenger protection appara-
tus 9 operates the airbag unit 11, the airbag unit for pop-up
seat 29 and the knee airbag unit 31. These are executed by the
controller 103 supplying respective ignition signals to the
inflator 17 of the airbag unit 11, the inflator for pop-up seat 73,
the inflator for knee airbag 79, and the inflator 59 of the
second pre-tensioner mechanism 53.

When the ignition signal is inputted to the inflator 59 of the
second pre-tensioner mechanism 53 in case of the prediction
of the vehicle collision, the inflator 59 operates to apply the
tensional force to the lap belt 33 of the seatbelt device 27.
Thereby, the lap belt 33 located near the passenger’s waist
portion is pulled so as to press the passenger’s waist portion
against the seatback 65. Thus, it can be prevented that the
lower body of the passenger moves forwardly. Further, when



US 8,353,531 B2

7

the tensional force is applied to the lap belt 33, a restraint
force for the lower body of the passenger is increased. Herein,
in case the vehicle collides, the upper body of the passenger
leans forwardly around the point of the waist portion. Thus,
by operating the second pre-tensioner mechanism 53 when
the vehicle collision is predicated, the passenger’s position in
the vehicle collision can be adjusted so that the waist portion
is restrained toward the seatback 65 and the upper body leans
forwardly around the point of the waist portion. Accordingly,
by adjusting the passenger’s position this manner, it can be
prevented that the face 87 of the small-sized passenger hits
another position of the airbag 15 than the receiving face 85 of
the receiving portion 83. Consequently, the face 87 of the
small-sized passenger can be securely received at the receiv-
ing face 85 of the airbag 15.

Meanwhile, when the ignition signal is inputted to the
inflator for pop-up seat 73, this inflator 73 operates to inflate
the airbag for pop-up seat 71. Thereby, the upper face of the
front portion of the seat cushion 63 of the passenger’s seat 61
is raised, so that the thigh portion of the passenger seated in
the passenger’s seat 61 goes up and accordingly the gravity
center of the passenger is moved rearwardly. Consequently,
the passenger’s waist portion is pushed back to the seatback
65, so that it can be prevented that the passenger’s waist
portion moves forwardly. Thus, by operating the airbag for
pop-up seat 71, the passenger’s position can be adjusted so
that the waist portion is restrained toward the seatback 65 and
the upper body leans forwardly around the point of this waist
portion. Thereby, it can be prevented that the face 87 of the
small-sized passenger hits another position of the airbag 15
than the receiving face 85 of the receiving portion 83. Con-
sequently, the face 87 of the small-sized passenger can be
more securely received at the receiving face 85 of the airbag
15.

Moreover, when the ignition signal is inputted to the infla-
tor for knee airbag 79, this inflator 79 operates to inflate the
knee airbag 77 in front of the passenger’s knees. Thereby, the
knees of the passenger are pushed rearwardly, so that the
passenger’s waist portion is restrained and consequently it
can be prevented that the passenger’s waist portion moves
forwardly. Thus, by operating the knee airbag 77, the passen-
ger’s position can be adjusted so that the waist portion is
restrained toward the seatback 65 and the upper body leans
forwardly around the point of this waist portion. Thereby, it
can be prevented that the face 87 of the small-sized passenger
hits another position of the airbag 15 than the receiving face
85 of the receiving portion 83. Consequently, the face 87 of
the small-sized passenger can be more securely received at
the receiving face 85 of the airbag 15.

In case, however, the passenger’s seat 61 is not before the
specified position, the passenger restraint position adjusting
device is not operated. That is, in case the small-sized pas-
senger is seated in a state the passenger’s seat 61 is located in
back of the specified position, a lock mechanism (not illus-
trated) of a retractor of a normal seatbelt device, for example,
is operated in the vehicle collision, without operating the
passenger restraint position adjusting device. Accordingly,
since the waist portion of the small-sized passenger is moved
forwardly up to a lock position where the seatbelt comes to be
locked due to the inertia force occurring in the vehicle colli-
sion, the passenger leans forwardly around the point of the
waist portion at the above-described lock position. Thereby, it
can be prevented that the face 87 of the passenger hits a lower
portion below the receiving face 85, for example.

Further, the passenger protection apparatus does not oper-
ate the passenger restraint position adjusting device regard-
less of the seat position of the passenger’s seat 61 in case the
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passenger seated in the passenger’s seat 61 is a large-sized
passenger as well. This is done by the controller 103 deter-
mining the body size of the passenger based on the detection
result of the weight sensor 101. In case the large-sized pas-
senger is determined, the controller 103 does not operate the
passenger restraint position adjusting device regardless of the
seat position of the passenger’s seat 61.

As described above, according to the passenger protection
apparatus of a vehicle, in case the seat position of the passen-
ger’s seat is before the specified position, the passenger’s
position is adjusted by using the second pre-tensioner mecha-
nism 53 of the seatbelt device 27, the airbag unit for pop-up
seat 29, and the knee airbag unit 31 as the passenger restraint
position adjusting device. Meanwhile, in case the seat posi-
tion of the passenger’s seat is located in back of the specified
position, the passenger restraint position adjusting device is
not operated. The face 87 of the small-sized passenger can be
securely received at the receiving face 85.

The present invention should not be limited to the above-
described embodiment, and any other modifications and
improvements may be applied within the scope of a sprit of
the present invention.

For example, while the above-described embodiment dis-
closes an example in which the second pre-tensioner mecha-
nism 53 of the seatbelt device 27, the airbag unit for pop-up
seat 29, and the knee airbag unit 31 are applied together as the
passenger restraint position adjusting device, any one of those
may be used singly. Further, while the determination of the
body size of passenger is done for two classifications, i.e., the
small-sized passenger or the large-sized passenger, in the
above-described embodiment, the body size of passenger
may be classified into more sizes so that the number of
devices, as the passenger restraint position adjusting device,
to be operated in the vehicle collision is changed in accor-
dance with the body size of passenger. Moreover, the seat
position of the passenger’ seat may be classified into more
plural positions so that the number of devices, as the passen-
ger restraint position adjusting device, to be operated in the
vehicle collision is changed in accordance with these seat
positions.

Further, the relieving portion 83 of the airbag 15 is formed
between the pair of projecting portions 89, 91 in the above-
described embodiment. However, the present invention is
applicable to a passenger protection apparatus equipped with
an airbag which has any receiving portion without forming
the pair of projecting portions.

Moreover, it is determined based on the body size of the
passenger detected by the weight sensor 103 whether the
passenger restraint position adjusting device is operated or
not in the above-described embodiment. However, this deter-
mination may be conducted based on the body size of the
passenger which is detected from the detection result of the
seat position sensor 99, considering that in general the seat
position for the small-sized passenger is located forwardly,
while the seat position for the large-sized passenger is located
rearwardly.

What is claimed is:

1. A passenger protection apparatus of a vehicle which
restrains and protects a passenger seated in a passenger’s seat
in a vehicle collision, comprising:

an airbag stored in a portion of an instrument panel in front

of the passenger’s seat, the airbag having a concaved
receiving portion at a specified position thereof which
corresponds to a face of a specified sized passenger
seated in the passenger’s seat when the airbag inflates in
the vehicle collision;
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an inflator stored in the portion of the instrument panel in
front of the passenger’s seat along with the airbag, the
inflator supplying gas to the airbag in the vehicle colli-
sion to inflate the airbag before the passenger’s seat;

a sitting position detecting device detecting a longitudinal
sitting position of the passenger seated in the passen-
ger’s seat; and

a passenger restraint position adjusting device adjusting a
restraint position of the passenger in accordance with the
longitudinal sitting position of the passenger detected by
said sitting position detecting device so that the face of
said specified sized passenger is received at said receiv-
ing portion of the airbag in the vehicle collision.

2. The passenger protection apparatus of a vehicle of claim

1, wherein said passenger restraint position adjusting device
is a seatbelt device which comprises a shoulder belt and a lap
belt, the seatbelt device further comprises a retractor which is
equipped with a load limiter to generate a specified with-
drawal resistance at the shoulder belt in the vehicle collision
and a pre-tensioner to apply a tensional force to the lap belt
when the vehicle collision is predicted, and the pre-tensioner
is configured to apply the tensional force to the lap belt in case
the longitudinal sitting position of the passenger is before a
specified position.

3. The passenger protection apparatus of a vehicle of claim

1, wherein said passenger restraint position adjusting device
is a raising device to raise a front portion of a seat cushion of
the passenger’s seat, and the raising device is configured to
raise the front portion of the seat cushion of the passenger’s
seat in case the longitudinal sitting position of the passenger
is before a specified position.
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4. The passenger protection apparatus of a vehicle of claim
1, wherein said passenger restraint position adjusting device
is a knee airbag unit which is arranged at a front portion of the
passenger’s seat and comprises a knee airbag and an inflator
to supply gas to the knee airbag, and the knee airbag unit is
configured to inflate the knee airbag by operating the inflator
thereof in case the longitudinal sitting position of the passen-
ger is before a specified position.

5. The passenger protection apparatus of a vehicle of claim
1, further comprising a weight detecting device to detect a
weight of the passenger seated in the passenger’s seat, and
said passenger restraint position adjusting device is config-
ured to adjust the restraint position of the passenger in accor-
dance with the longitudinal sitting position of the passenger
detected by said sitting position detecting device and the
weight of the passenger detected by said weight detecting
device.

6. The passenger protection apparatus of a vehicle of claim
1, wherein said receiving portion of the airbag is formed
between a pair of projecting portions formed at the airbag
which extends vertically.

7. The passenger protection apparatus of a vehicle of claim
1, wherein said sitting position detecting device is a position
detecting device to detect a longitudinal slide position of the
passenger’s seat.

8. The passenger protection apparatus of a vehicle of claim
1, wherein said specified sized passenger is a small-sized
passenger.



